Essential oil has been widely used in many products. In this work, the location of the microemulsion region with eugenol was studied in two different surfactants namely sodium dodecyl sulphate, SDS (ionic) and Tween 80 (non-ionic). The phase diagrams were constructed for water/ SDS:hexanol (30:70)/eugenol oil and water/ Tween 80/ eugenol oil systems by titrating to turbidity. The result showed that microemulsion regions were present in both systems with the SDS:hexanol system formed a larger water-in-oil microemulsion region compared to Tween 80 system. In order to study the behaviour of the microemulsion with eugenol oil subjected to several conditions such as evaporation and rheology test, several weight ratios of eugenol oil to surfactants were studied. The weight loss during evaporation was carried under ambient condition. The rheological behaviour was also observed in both systems. The evaporation rate for the microemulsion with SDS was found to be higher than the equivalent counterpart but with Tween 80. The rheology study showed that the flow is of Newtonian behaviour with little or no shear thinning
INTROdUCTION
It is well known many plants produce important organic compounds such as oils, gum, waxes, pharmaceutical as well as medicinal 1 . With the advances in equipment and cutting edge technologies, new methods have been developed to extract this biologically active plant-derived chemicals as witnessed today 2 . One of the important compound is the essential oil. Essential oils are the volatile components and they are liquid, volatile, transparent, and soluble in lipid and organic solvents. It is also less density than water. All part of the plants can be used to extract the essential oils including, buds, stems, flowers, leaves, twigs, seeds, fruits, roots, wood and secretory cells 2 . They have been used in many fields since then for example, as antimicrobial, analgesic, sedative, anti-inflammatory, spasmolytic, and anesthetic 1, 3, 4 and with latest application in alcohol free microemulsion 5 . It is also have been used to protect the plants from herbivores but also attract insect as their agent to spread their pollens and seeds 2 . This work it is not meant to be argumentative to the work previously done on microemulsion and essential oils, but to report the region of microemulsion with eugenol using two different surfactants, its water loss during evaporation and its rheology behavior. We believe the findings will contribute further the understanding of the interaction of essential oil, and especially eugenol in microemulsion systems of relevance to the area of fragrance.
MATERIAL ANd METHOd
The surfactants sodium dodecyl sulphate (SDS) (>99% and polyoxyetehylene (20) sorbitan monooleate (Tween 80) (95%) (HLB 15.0); were purchased from Sigma-Aldrich. 1-hexanol (>98%) and pure eugenol (99%) were also purchased from Sigma-Aldrich. All components were used as received without further purification. The water used throughout the study was double distilled.
Construction of phase diagrams
The phase diagrams were determined on a clear/turbid criteria basis by mixing two of the components and titrating with the smallest amount of the third component. The samples were then thoroughly mixed to homogeneity with a vortex mixer, centrifuged and then allowed to reach equilibrium at a specific temperature in a water bath. The phases were then examined by visual inspection between cross polarisers. An estimated region of the phases can then be made by this method by noting the turbid and clear compositions.
Evaporation of Microemulsion
Samples of microemulsion from different weight ratios of oil to surfactants were prepared. The samples were poured on a watchglass and were kept in a humidity chamber (Eureka Model RT-48C) to control the convection movement from the surroundings. The experiment was monitored at ambient humidity and at room temperature. The weight loss was weighed at 5 min. interval time for 10 hours. Repeated determinations at different days gave identical results.
Rheological Measurements
A strain-controlled rheometer model HAAKE RheoStress 600 was used for oscillatory shear experiments in cone-plane geometry. Temperature was set to T= 25 °C using cone plate spindle 51. The flow curve of the microemulsions was generated with a shear rate of 250 rpm in 120 seconds. The measurements were made by shearing at maximum shear and returning to zero within seconds in order to obtain the ascendant and descendent curves, respectively.
RESULT ANd dISCUSSION

Phase diagram
The aim of the construction of ternary phase diagrams was to locate the region of microemulsions for the aqueous mixture of eugenol oil with surfactants at different weight ratios. After considering various factors the pseudoternary phase diagrams consisting of water, surfactants and essential oil were constructed.
Aqueous surfactant-eugenol system
The two surfactants used throughout this investigation are anionic surfactant SDS and the nonionic surfactant Tween 80. The ratio for SDS to hexanol was chosen to be 30:70 by weight. The weight ratio of 30:70 was chosen since it exhibited the highest water solubility in the system consisting of water/hexanol/SDS. The solubility regions for the aqueous isotropic regions are given in Fig. 1 for the SDS and Tween 80 systems. Both of the systems show an isotropic region that is extended continuously from the pure eugenol to the surfactant in a crescent manner towards the water apex.
However, eugenol is not completely miscible in the SDS system, that is, it is only up to about 85 percent by weight. The maximum solubility of water is also observed to be higher in the Tween 80 system. This is illustrated by the continuous (a) solubility region in convex manner from the eugenol apex until the water apex (Fig. 1) . The maximum solubility of water in the SDS system is limited to about 33 percent at a mixture of eugenol and SDS at weight ratio of 30:70 (solid line of Fig. 1 ).These phenomenon are interesting and can be explained by the hydrophilicity of the surfactants. Tween 80 having a HLB value 18 should exhibit higher solubiliy in water in the presence of oil compared to SDS. Since SDS is mixed with hexanol, the polar group of hexanol decrease the hydrophilicity of SDS and it leads to the decreasing of the ability of the SDS molecules to solubilize with water.
Weight Loss during Evaporation
The evaporation was performed for components across the microemulsion region which exhibit maximum water solubility for each surfactant systems as shown on lines (a) and (b) for SDS and Tween 80 (Fig. 1) . The water content for each system varies between 5 to 25 percent by weight.
For the SDS system, the compositions by weight of oil/surfactant is 30:70 (line (a) of Fig. 1) . A plot of the weight loss for this system is shown in Fig. 2 . It is observed that the weight loss in this composition increased linearly in the interval used with main characteristics. A higher slope at the early stage of evaporation followed by a sudden turn in the slope at about 200 min reaching almost a plateau. This implies that the evaporation rate occurs at two stages, that is, the initial rate is faster than the later one. The curves also show that the evaporation rate increase with the increment of water content. This can be explained by the possible presence of surfactant aggregates at higher water content Fig. 3 show equivalent data but for aqueous systems with Tween 80. It shows similar trend as previously exhibited by the SDS counterpart. It shows an initial increase in the weight loss with time but the sudden turn occurs much early after less than 100 min, resulting in a more plateaued progression. The sudden increase in the weight loss after 5 percent by weight of water is very interesting. This could be explained by the presence of surfactant aggregate such as inverse micelles which may take many shapes at higher water content. Comparison with equivalent systems with SDS shows a much lower weight loss for the Tween 80 system.
Rheological Measurement
The rheological behaviour was observed on the same weight ratios as that for the evaporation test. Fig. 4a and b show the plotted shear stress versus shear rate and viscosity versus shear rate for SDS. The rheology profile obtain is expected which is Newtonian behavior as the shear stress observe show linear correlation and the viscosity were constant against the shear rate
22
. The constant value observe indicates maybe weak or no shear thinning. Same phenomenon is observe for the equivalent data but with a much lower sheer stress and viscosity at the interval investigated for the Tween 80 system (Fig. 5) .
CONCLUSION
In summary, the location of the microemulsion region with eugenol and its evaporation rate together with its rheology behaviour in two surfactant systems have been determined. The result demonstrated that the type of surfactants to be crucial in the formation and size of microemulsion region with eugenol. The SDS system showed a larger microemulsion region but with a limited maximum water solubility when compared to Tween system. It also showed a higher water loss during evaporation, suggesting that the aggregates formed in the microemulsion by the aqueous SDS molecules has lower hydrophilicity and lower vapour pressure 23 . The rheology measurements confirmed that both of the systems exhibit Newtonian behaviour as predicted and that little or no shear shinning effect exhibited.
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